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It has long been observed that investor sentiment has a crucial impact on the 
asset market. However, only a few studies are available due to the lack of a 
proper measure of sentiment. This thesis provides the first attempt to design a 
measure for investor sentiment. A composite index reflecting the stock market 
sentiment (SMS) is constructed by using the principal factor analysis. Factors 
such as the short sell volume, the Hong Kong Inter-bank Offered Rate (HIBOR)， 
the RSI, the MFI, the turnover and the cross effects from related equity markets 
are considered. 
A multivariate threshold model is estimated based on the daily return series 
of the Hang Seng Index (HSI) from 1998 to 2006. The composite index is used 
as the threshold variable to separate the unobserved states of the stock market. 
Our empirical results show that the stock market can be divided into three 
regimes: "optimistic market", "pessimistic market" and "neutral market". A 
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The nonlinear properties of economic and financial data have been widely 
studied in recent decades. A simple way to model nonlinear data is to use the 
threshold model of Tong (1980) or the regime switching model of Hamilton 
(1989). The two models classify each observation into one of the three regimes 
based on some threshold conditions�These kinds of local-linear models have 
f\ 
been performing very well in empirical studies . The related estimation and 
inference theories have been extensively studied by Hansen (1996, 2000) and 
Hamilton (1989). 
This thesis attempts to classify the stock market states via a newly 
developed method. The stock market is usually classified into bull or bear market. 
However, different classifications can be defined using different measures. 
Fabozzi and Francis (1977)，Kim and Zumwalt (1979), and Chen (1982), define a 
bull market as a period when returns in any given month exceed a certain 
threshold value. Recently, Pagan and Sossounov (2000) define the bull and bear 
states based on cumulative price changes. Lunde and Timmermann (2004) 
classify the bull and bear states via a filter that tracks the movements between 
‘Tong (1980) uses one threshold variable to classify the data; Hamilton (1989) classifies the data 
according to some latent variables. 
2 See Henry et al. (2001), Potter (1995)，Tsay (1998) and Dueker et al. (2003). 
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local peaks and troughs. Chen and Chong (2005) use a multiple threshold 
variables approach to define the bull and bear markets by combining price and 
turnover information. 
Most of the time, it is not sufficient to determine the states of the stock 
market using a single variable. Misleading results might be obtained as some 
important information may possibly be neglected. To avoid this pitfall, Chong 
and Yan (2004)，Chen and Chong (2005)3 develop a threshold model with 
multiple threshold variables. A shortcoming of this kind of model is that the 
computation time increases exponentially with the number of threshold variables. 
Moreover, if the structures of the threshold variables are unknown, the 
asymptotic properties of the estimators will be complicated*. 
Fan and Yao (2003) suggests a parsimonious way to construct a composite 
index. They condense the information from all indicators into a single summary 
statistic. Such composite indices are not new to financial markets. Indeed, for 
many years, they have been used to identify market types and to forecast market 
performances^. Following Fan and Yao (2003)，the present thesis develops a 
3 They try to design a way to find proper threshold variables from a set of candidate variables and 
determine the classification of regimes. 
4 see Chong and Yan (2004) 
5 For example, the El Paso index of coincident economic activity complied by the Federal 
Reserve Bank based on the nonagricultural employment, unemployment rate, inflation-adjusted 
wages and inflation-adjusted retail sales. Baker and Wurgler (2006) construct a composite index 
of stock market sentiment based on the common variation in six underlying proxies for sentiment: 
closed-end fund discount, NYSE share turnover, number and average first-day returns on IPOs, 
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stock market sentiment index to classify the states of the stock market. 
This thesis uses the principal factor model to summarize information from 
various sources. The principal components estimator has been studied by 
Chamberlain and Rothschild (1983). It converges to the maximum likelihood 
estimator when the number of factors N increases. The inference theory related to 
the estimator has been studied by Bai (2003) and Bai and Ng (2006)，who show 
that when the sample size is large, the space spanned by the latent factors can be 
consistently estimated from large sets of the observed information^. The principal 
factor analysis is an effective way to isolate the common factor even among a 
limited number of factors. It has been widely applied in asset pricing and 
co-movement studies in the field of finance^. 
In this thesis, a stock market sentiment index (SMS), which is assumed to 
be unobservable and determines the market status implicitly, is developed. Stock 
market commentators often refer to certain financial variables as market weather 
vanes. We examine a number of indicators, which are divided into five categories. 
The first part is the short sell volume, which is viewed as a bearish indicator. It 
has long been argued that short selling activities reflect downward expectation of 
equity share in new issues and dividend premium. Blanco and Garber (1986)，Weymark (1995， 
1998) and Eichengreen et.al. (1995) form an exchange market pressure index (EMP) to measure 
the exchange market pressure. 
6 In this study, due to data limitation, a large sample of the informed variables cannot be obtained. 
As a result, the asymptotic results cannot be used. 
7 See Bai and Ng (2006) 
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the investors. When short sell volume becomes relatively large, the market is 
likely to fall. The second element is the HIBOR. This measure is frequently cited 
as a bearish indicator since higher interest rate drives money out of the stock 
market. In addition, two technical indicators are also included. Evidence of 
profitability has been found for some momentum-based trading strategies, such 
as strategies based on the Relative Strength Index (RSI) and the Money Flow 
Index (MFI). Thus, our pressure index incorporates those two indices. Moreover, 
due to the globalization trend and the high liquidity of the international financial 
markets, cross effects from the world's major markets, such as the US and the 
Japanese equity markets, are taken into consideration. Finally, liquidity is 
examined and treated as a bullish indicator. Based on the aforementioned factors, 
we employ the principal factor analysis to obtain the first principal component, 
which we define as the stock market sentiment index. 
We apply the new sentiment measure to classify the Hong Kong stock 
market into different regimes. A multivariate threshold model is estimated for the 
return series of the Hang Seng Index (HSI) from 1998-2006 using the new 
sentiment measure as the threshold variable. Two shifts are identified and the 
market is classified into three regimes: an "optimistic regime" when the stock 
market sentiment index (SMS) exceeds the higher threshold value, a "pessimistic 
regime" when the SMS is smaller than the lower threshold value and a "neutral 
regime" when the SMS is in-between. 
4 
The thesis is organized as follows. Chapter 2 provides a literature review on 
some composite indices related to the market pressure. Chapter 3 discusses the 
stock market sentiment index, the construction method and the proxies used. In 
Chapter 4，the new index is applied to the Hong Kong stock market to test 
whether there are threshold effects on the return series of the market index. 




2.1 Exchange Market Pressure Index 
Exchange market pressure measures the total excess demand for a currency 
in international markets and it is defined as the exchange rate change that would 
have been required to remove this excess demand in the absence of exchange 
market intervention, given the expectations generated by the exchange rate 
policy actually implemented . Generally, two methods are used to measure 
exchange market pressure. 
The first method originates from Girton and Roper (1977). The asset market 
approach is used to measure the excess demand for a currency. The term 
"exchange market pressure" refers to the magnitude of the domestic money 
market disequilibrium that must be removed through changes in foreign 
exchange reserves or exchange rate. Girton and Roper (1977) derive their 
measure of exchange market pressure in a monetary model with two large 
interdependent economies and use it to quantify the volume of the central bank 
foreign exchange intervention to achieve any desired exchange rate target. Due to 
the assumption that the central bank does not change domestic credit to influence 
8 see Weymark (1998) p. 106 
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the exchange rate, the exchange market pressure (BMP) is a simple sum of 
percentage changes in the exchange rate and foreign exchange reserves of the 
domestic central bank. 
Girton and Roper's (1977) original exchange market pressure formula has 
been used extensively^. The small open economy version of the Girton and Roper 
(1977)'s measure of exchange market pressure is formally derived in Connolly 
and Da Silveira (1979). 
Roper and Tumovsky (1980) work along the line of Girton and Roper by 
introducing a stochastic small open economy IS-LM model to quantify the 
international excess demand for domestic currency. The model is based on two 
assumptions. The first is that excess demand is absorbed through a country's 
international reserves and the change in exchange rate. The second is that the 
intervention is allowed to take the form of changes in domestic credit as well as 
in reserves. The excess demand for money is therefore a linear combination of 
two unequally weighted components: the changes in the exchange rate and the 
money base. Following Girton and Roper (1977)，Roper and Tumovsky (1980) 
define this excess demand as the exchange market pressure. 
However, none of the aforementioned articles uses an independent 
9 see Burdekin and Burkett (1990), Hacche and Townend (1981), Kim (1985)，Lee and Wohar 
(1991), Mah (1991,1995,1998), Modeste (1981)，Pollard (1999), and Wohar and Lee (1992). 
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definition of the exchange market pressure to derive an expression of the 
exchange market pressure for economies with intermediate exchange rate 
systems. The first notable contribution to the independent definition is made by 
Weymark (1995), who constructs a model-dependent exchange market pressure 
index based on a general, model-independent definition of the exchange market 
pressure. His index is defined as the change in exchange rate which would be 
required to remove the excess demand for the currency in the absence of 
exchange market intervention, given the expectations generated by the exchange 
rate policy actually implemented� .Weymark (1998) illustrates the general 
applicability of the method and also extends the exchange market pressure index 
of Girton and Roper (1977) and Roper and Tumovsky (1980). 
Spolander (1999) points out that a major shortcoming of the existing index 
is that it does not take into account the sterilization effect of the central bank's 
foreign exchange intervention. The liquidity effect of a foreign exchange 
intervention on the domestic money market's operation is partly or totally offset 
by central banks in the main industrial countries^. Therefore, it is important to 
take into account the realistic measurement of the exchange market pressure as 
well as the degree to which this pressure is removed by the central bank's foreign 
see Weymark (1995), p.278. 
11 For example, in the United States the Federal Reserve sterilizes the liquidity effect regularly 
and completely, so that a foreign exchange intervention would not lead to a change in the 
domestic money market and the domestic interest rate, compared to that which would have 
occurred in the absence of foreign exchange intervention. The case is generally the same in 
Finland. 
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exchange intervention. Spolander (1999) derives a measure of the pressure and 
the degree of intervention in the context of a small open-economy monetary 
model. Monetary policy is conducted through changes in the monetary base and 
the foreign exchange interventions. Different from other studies, the required 
parameters are estimated from the actual intervention data. 
The second approach to measure the exchange market pressure is proposed 
1 0 
by the critics of the model-dependent measure . Eichengreen et al. (1995, 1996) 
argue that model-dependence is undesirable in an operational index given the 
tenuous connection between the exchange rate and economic fiindamentals. As a 
result, a model-independent measure of EMP is derived. The new EMP is a 
weighted linear combination of the change in relevant interest rate differential, 
the percentage change in bilateral exchange rate and the percentage change in 
foreign reserves of the domestic central bank. The weights are chosen to equalize 
the conditional volatilities of EMP's constituent components. The index is 
model-independent as both the components of the index and the weights assigned 
to these components are not derived from a structural model of the economy'^. 
Weymark (1995) defines EMP as 
EMP.^ +77A/;， 
12 See model dependent measure developed by Girton and Roper's (1977), Roper and Tumovsky's 
(1980) and Weymark's (1995, 1997a, 1997b, 1998). 13 See Weymark (1998) p. 118. 
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where 
77 is the elasticity -dAe, / dAr^ 
Ae, is the change in the logarithm of the period t exchange rate expressed as the 
domestic currency cost of one unit of foreign currency. 
Ar, = [h,Ri , where h, is the money multiplier in period t,R, is 
the stock of foreign exchange reserves in period t, and is the inherited 
money stock in period t. 
Eichengreen et al. (1995) also include the short-term interest rate differential 
in the measure. They define the EMP as follows, 
EMP.^ = a^ o/oAe, + cc她-/吼,)+ a� 
where 
%Ae, denotes the percentage change in the exchange rate of country i with 
respect to the U.S. dollar at time t. 
10 
A(/" - ius’) denotes the change in the difference between the short-term discount 
rate in country i and in the US at time t. 
VoAr-i denotes the percentage change in the foreign exchange reserves of 
country i at time t. 
a .s are the weights defined as the inverse of the standard deviations of the 
respective components. 
2.2 The Sentiment Index 
Empirical evidence has long suggested that investor sentiment can be used 
to explain the stock market. The topic has attracted a great deal of attention and 
studies with different measures of investor sentiment have been conducted over 
the last decades. In the following sub-section, we will shed light on these 
measures of investor sentiment and report the empirical results. 
Many proxies for the sentiment are derived from financial markets. The 
most prominent one is proposed by Lee et al. (1991)，who argue that closed-end 
fund discounts are a measure of the individual investor sentiment. Since both 
closed-end fund and smaller stocks are mainly owned by individual investors, the 
sentiment affects the returns of smaller stocks in the same way as it influences 
11 
the closed-end funds. The results of Lee et al (1991) are partially supported by 
Swaminathan (1996)" and Neal and Wheatley (1998)15. 
Using data from a major discount brokerage house, Kumar and Lee (2002) 
define a measure of individual investor sentiment as a systematic component 
which is contained in the buy-sell imbalance in individual investors' trades and is 
uncorrelated with overall market movements. They find that the sentiment has 
incremental explanatory power for small stocks, value stocks, stocks with low 
institutional ownership and stocks with lower prices. On the other hand, the 
explanatory power appears to be affected by factors associated with arbitrage 
costs. In addition, Kumar and Lee (2004) find that trading activities of retail 
investors can explain the co-movement in stock returns. 
Another market sentiment measure is constructed by Baker and Stein (2003). 
They form a composite stock market investor sentiment based on the common 
variation in six underlying proxies: the closed-end fund discount, the NYSE 
share turnover, the number of IPOs, the average first-day returns on IPOs, the 
equity share in new issues and the dividend premium. A long-term investor 
sentiment index is constructed using the historical yearly data from 1934 to 2004. 
14 Swaminathan also find that closed-end fund discounts forest future excess returns on small 
firms. However, he also finds that discount could forecast future earnings growth rate on small 
firms, thus it "may be a proxy of individual investors' rational expectations about future 
economic conditions and/or their risk aversion to macroeconomic risks" instead of investor 
sentiment. 
15 Neal and Wheatley find that fund discount predict equity return. 
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They also find that when sentiment is high, stocks attractive to optimists and 
speculators are unattractive to arbitrageur while, conditional on low sentiment, 
these cross-sectional patterns completely reverse. 
Recently, Brown and Cliff (2004)，Wang et al. (2006)，Dom et al. (2004) 
and Schmitz et al. (2006) provide additional sentiment measures that are 
methodologically related�6. The first two studies test various proxies for investor 
sentiment within a vector autoregressive (VAR) model to investigate the mutual 
influence between those measures and market variables such as returns and 
volatility. Brown and Cliff (2004) show that the direct measures of investor 
sentiment based on survey data are related to the commonly used indirect 
investor sentiments. Thus by employing the Kalman filter and the principal 
component analysis, they are able to isolate the common factors from the 
indicators for monthly and weekly data and to separate the measures for 
institutional and individual investor sentiment in the weekly data. For the 
composite measures, strong evidence of co-movement with the market is found. 
However, contrary to some aforementioned studies, short-run predictability of 
them in returns is hardly supported using a VAR model. And a trading strategy 
accordingly does not seem to be profitable. Supporting and expanding Brown 
and Cliffs study, Wang et al (2006) also construct two different sentiment 
indicators using the daily and weekly data separately, the daily sentiment is 
16 See Wang, Keswani and Taylor; Dom, Huberman and Sengmueller; Schmitz, Glaser and 
Weber. 
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constructed from the S&P 100 put-call trading volume ratio (PCV)，the S&P 
put-call open interest ratio (PCO) and the NYSE ARMS^ index while the 
weekly sentiment is extracted from the PCO and the PCV. Two additional survey 
1 8 
based sentiments are used as well. In their study, the sentiment measures are 
shown to be caused by realized volatility and returns rather than the other way 
around. In addition, returns may be useful in predicting realized volatility. Dom 
et al (2004) detect a tendency of herding within a group of individual investors 
from an online broker. They use the buy ratio as a sentiment variable and 
estimate its forecasting power for stock returns with a VAR model. It is found 
that there exists a positive relation between net trading by individuals and returns. 
The results are especially strong in the very short-run^ 
Schmitz et al. (2006) are the first to analyze investor behavior in the warrant 
market. They construct a daily measure of individual investor sentiment using a 
data set from a big German online brokerage company between Jan. 1997 to 
April 2001. The mutual relationship between the sentiment measure and daily 
stock returns is tested in a VAR model and with Granger-causality test. A 
short-term^® mutual influence is found: sentiment influences stock returns 
positively while returns have a negative influence on sentiment. 
17 The ARMS index is named after its creator Richard Arms, it is the ratio of the average volume 
of advancing versus declining issues. 
18 Survey based sentiment will be discussed later. 
19 Very short run is the daily frequency. 
2° One or two trading days. 
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The sentiment measures described above are based on financial markets. 
Another category of sentiment measure is derived from survey-based proxies 
among institutional investors, individual investors, managers or consumers. For 
example, Otoo (1999) studies the survey-based Michigan consumer confidence 
index and finds that there is a strong positive relationship between the consumer 
sentiment and stock prices. Clarke and Statman (1998) examine a sentiment 
indicator published by Investors Intelligence (II) which is based on the number of 
newsletters that are bullish, neutral, or bearish. It is found that in the time periods 
from 1963 to 1985 and from 1963 to 1995，sentiment does not influence stock 
market returns over 4 weeks, 26 weeks, and 52 weeks measures while it is 
influenced by returns lagged over these horizons. Wang et al. (2006) also use two 
sentiment indicators on a weekly basis that are compiled from surveys by the 
AAtf i and II. 
21 American Association for Individual Investors 
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Chapter 3 
Stock market sentiment 
3.1 Data 
The stock market sentiment is designed to measure the market sentiment. 
The first step is to gather proxies for the sentiment measure. What proxy 
variables should be included is always a controversial issue. In this paper, we 
consider a number of proxies and form the composite index based on their first 
principal component. The factors included are the short-sell ratio, the turnover, 
the HIBOR, technical indicators including the RSI and the MFI, and the cross 
effect from USA and Japanese equity markets. A brief description of each one 
follows. 
Turnover 
There is an old Wall Street adage saying that: “It takes volume to make 
prices move." Although one can question the asserted causality, numerous 
empirical findings support this so-called positive relationship between trading 
volume and stock prices. For example, Ying (1966) finds that a small trading 
volume is typically followed by a fall in price while a large trading volume is 
typically associated with a rise in price. In general, volume is higher in bull 
markets and lower in bear markets. 
16 
The daily turnover data is obtained from DataStream. The ratio of 250-day 
average line and 20-day average line is calculated to smooth the data, thus the 
number of effective observations is about 1800. The turnover ratio is defined as 
follows and a time series graph with average lines is shown in Figure 2. 
本 本 本 本 本 氺 本 本 本 本 本 本 本 氺 氺 P J Q U R E 2 HERE * * * * * * * * * * * * * * 
Rav, =100x — ‘ VMA250, 
where VMA250, are the average price and turnover for the past 250 trading 
days, while VMAIO, are average price and turnover for the past 10 days^^. 
Short Sellings in the Hong Kong Stock Market 
Figlewski (1981) studies the relationship between the level of short interest 
and subsequent stock returns. He argues that abnormal returns are often due to 
temporary sentiment brought about by short-selling activities around the event 
dates. In practice, short selling usually reflects downward expectation on the part 
of the investors. In the Hong Kong stock market, short sellings are allowed only 
for a small number of stocks. During recent years, the highly developed 
derivative market has provided a convenient platform for short sellings. We 
22 The 10-day average is used here for smoothing, while he 250-day average line is usually used 
to differentiate between bull and bear markets. 
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define the daily short-sell turnover ratio as the number of shares being sold short 
to the total number of shares traded on that day" Those data are available on a 
daily basis from the CEIC database. 
_ short sell vol, 
o/v^  二 
turnover] 
From Figure 3，the ratio seems to be more stationary after adjusting for the 
turnover. 
本 本 本 本 氺 本 水 本 本 本 丰 本 本 本 本 P I Q U R E 3 H E R E 本 * 本 * 本 * 木 * * 本 * * * * 
Hong Kong Inter-bank Offered Rate (HIBOR) 
HIBOR is the inter-bank interest rate, which reflects the capital cost of 
investments. The terms of the deposits vary from overnight to one year. In 
practice, a high HIBOR is viewed as a bearish indicator and investors leave the 
stock market when HIBOR is high. Moreover, a higher HIBOR increases the cost 
of investment and hence lower the profits of the listed companies, which will be 
reflected in their share prices. 
The daily HIBOR obtained from the CEIC database is plotted in Figure 4. 
23 The aim of the division is to move the trend that short sell volume increases with market 
turnover. 
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The HIBOR appears to vary in the 0-10% range. 
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Technical Indicators 
Money flow reflects the dollar value of a day's trading. The money flow 
index (MFI) is an oscillator calculated over an N-day period, ranging from 0 to 
100, showing the money flow on up days as a percentage of the total of up and 
down days. The calculation is as follows. The daily typical price is the average of 
high, low and close, 
rr • J r> • high + low+close Typical Price = 
Money flow is the product of typical price and the volume on that day. 
Money Mow=Typical PricexTumover 
The total of the money flow over the given N days is computed. In this 
study, N is set to be If typical price today is higher than that of yesterday, it 
is considered positive money. For a 30-day average, the sum of all positive 
money for those 30 days is the positive money flow. We define 
24 A swing trader might prefer 14-day periods, while an investor may prefer 30-day periods. 
19 
, , „ . Positive Money Flow Money Ratio = 
Negative Money Flow 
The money flow index (MFI) can be calculated as follows: 
MF/ = 100 — 
1 + money ratio 
The MFI can be expressed equivalently in another form as: 
MF/ = 100x Positive money flow 
Positive money flow + Negative money flow 
The MFI is used as an oscillator. A value of 80 is generally considered to 
characterize an overbought market and a value of 20 is generally associated to an 
oversold market?. Divergences between MFI and price action are also considered 
significant. For instance, if the price of a stock makes a new rally high but the 
MFI high is less than its previous high, it may indicate that a weak advance, and 
the market trend is likely to reverse. The MFI is constructed in a similar fashion 
to the relative strength index. 
Up days are the days when the market is dominated by buyers, while down 
days represents the days when sellers dominate. An excessive proportion in one 
7 See, for example, http://www.chartfilter.com/reports/c25.htm. 
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direction or the other is interpreted as an extreme and a price reversal is likely to 
occur. 
The Relative Strength Index (RSI) reflects whether the market is oversold or 
overbought. Usually, an RSI of 80 implies that the market is overbought, while 
an RSI of 20 implies the market is oversold. The 14-day RSI is defined as 
follows: 
(p —p N 
服(14), 
S/=l Pt-i ~ 
Figure 5 plots the RSI and MFI. 
* * * * * * * * * * * * * * FIGURE 5 HERE * * * * * * * * * * * * * * * 
Cross Effect from USA and Japanese Equity Markets 
The highly integrated global equity market has brought obvious cross-listing 
effects. The market performances in USA and Japan can usually be used to 
forecast the performances of the Hong Kong stock market. 
Since the New York Exchange trades in a different time zone than the Hong 
Kong Exchange, the lag return of the market needs to be taken into account. The 
21 
S&P 500 is used to calculate the return of the US market, while the NIKKEI 225 
is used for the Japanese market. The two proxies are defined as follows: 
SPt=�SSLll\-S8LlUVS8LPt_i 
JAP,=(皿,-NIKt_\) / 
Figure 6 shows the daily return series of NIKKEI 225 and S&P 500 
obtained from DataStream. 
* * * * * * * * * * * * * * * FIGURE 6 HERE * * * * * * * * * * * * * * 
The descriptive statistics of the adjusted data are summarized in Table 1. 
* * * * * * * * * * * * * * * TABLE 1 HERE * * * * * * * * * * * * * * • 
Market Performance 
About 2,000 daily prices of the Hang Seng index from Jan. 1998 to Aug. 
2006 are obtained from DataStream. The return series is defined as the log 
difference of the index. The time series plot is given in Figure 1. 
本 * 本 本 本 本 本 * * 本 * * * * * FIGURE 1 H E R E 本 本 * * * * * * 本 * * = * * 本 
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3.2 Methodology 
The following multivariate model is considered with as the log price of 
the asset at time t，and z, as the threshold variable which determines the latent 
states of the market: 
代-1，代-2，...;�if ^ t ^ n � 
/2(i?M,i^ ,_2，...;£"2,|终）if r^ 
A,=彳 > 
/„0^,_1，/?,_2，...;‘|《）if r„<z, 
f f ( . ) s are well-defined functions such that /X.)关/y(.) for j , 6. are 
finite-dimensional parameters, denote the noise terms and r\ …r” are real 
numbers. In time series, we usually set the function f . (.) as a linear function in 
each regime. Thus, the model incorporates the multivariate threshold 
autoregressive model. 
Tsay (1998) constructs a test statistic for detecting threshold nonlinearity 
and proposes a procedure to estimate the model by assuming that the threshold 
variable z, is given. We extend the model by assuming that the threshold 
variable z, is unobservable and incorporates lots of variables x" 0' = 1,2,...,/?), 
which are available in our data set. 
Let 
2 3 
be the factor representation of the data. We assume that z, is a scale number, 
i.e., each proxy x" just includes one common component as well as 
idiosyncratic components. This assumption allows us to focus on a single 
threshold variable model. 
To extract the common component from x"，the principal factor approach, 
which has been widely adopted to obtain the common factor from a lot of 
OA variables, is used . 
We first provide a brief introduction to the principal factors analysis. 
/ \ 
•^1，… 
Definition X={x^,X2,...,Xp)= is Txp matrix. ^ is the oowaricmce matrix 
、 • ^ ， … ， • ^ 乂 
of X. Zi (z=l”..，乃 ^ the i-th principal factor of X if 
(0 —,=1 (,=1”..，/?); 
ill) For any / > l ， f l , � , 0 (/=1”..，/-1); 
(m) Var{Z^=rrEQia'X) for all a satisfying (0 cmd (ii). 
26 see Bai and Ng (2006) and Baker and Wulger (2006). 
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Using the above definition, we have the following theorem: 
Theorem Let X = be a Txp matrix. ^ is the covariance matrix of X, 
and are the eigen values of ^ .a. is the corresponding eigen 
vector for A^. Then z. =d^X is the ith principal factor of X{i = \,2,...,p). 
From the above theorem, to calculate z,，we only need to find the eigen 
vector associated with the largest eigen value of the matrix ^ = XX / Tp, 
where X = (jcpjcj,...,^^) is a Txp matrix. The proof is given in the 
Appendix. 
3.3 Estimated Results 
We form the composite index to capture the common component of the 
following factors: turnover, past price momentum, money flow, short term 
interest, short sell volume, and the cross market performances of US and Japan. 
The weight of each proxy is calculated by using the principal factor analysis. 
SMSt =-5.22 + 1.34Rflv, +0.03/^7, +0.053Aff7, -IMHIBOR^ -16.6567?, +2.6957^+2.25/^ 
where Rav,, RSI,, MF/, , HIBOR, JAP, represent the information from 
turnover, past price momentum, money flow, short term interest, short sell 
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volume and cross market performances of US and Japan respectively. 
To gain some intuition on the stock market sentiment index, Figure 7 shows 
the time series graph of the estimated stock market sentiment index. 
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According to the results, the turnover is, as expected, a bullish indicator 
which is positively related with price movement: it is higher in bull market while 
lower in bear market. 
Both the RSI and MFI positively affect the stock market sentiment index. 
The RSI reflects the past price momentum in recent trading days. A larger RSI 
indicates that investors have a higher incentive to buy stocks. The MFI is the 
money flow index. When the money flow is positive, the market is expected to 
have a positive price movement. 
The HIBOR has a negative effect on the stock market sentiment index. This 
bearish indicator is the short-term interest rate, which reflects the opportunity 
cost of investment on the stock market. A higher HIBOR will drive money out of 
the stock market. 
2 6 
Our results confirm that short-sell reflects the short-term downward 
pressure of the market. When there is large volume of short sell, market is likely 
to fall. 
The performances of the US and Japanese equity markets have positive 
effect on the Hong Kong stock market due to the globalization of the 
international equity market. 
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Chapter 4 
Application to the Hong Kong stock market 
4.1 Threshold Model Estimation 
It has long been argued that the behavior of the stock prices is consistent 
with a nonlinear data-generating process. A growing body of studies on the single 
threshold variable model has been proposed to describe the non-linearity found 
in the stock price series. For example, Tong (1983) uses the STAR model to fit 
the IBM stock price. Li and Lam (1995) investigate the asymmetric behavior of 
stock prices in bear and bull markets by using a threshold type ARCH model. 
Recently, Shively (2003) employs a three-regime threshold random-walk model 
to fit the daily data of the CAC 40，the DAX 30 and other indices??. 
In this study, a multivariate TAR model is estimated using the stock market 
sentiment index as the threshold variable. The model can be written as follows: 
• + if SMS,<r, 
…+ P p 具 i f r,<SMS,<r, 
27 CAC 40 is a French stock market index while DAX 30 is a Blue Chip stock market index 
consisting of the 30 major German companies trading on the Frankfurt Stock Exchange. 
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According to the results, the SMS varies between - 4 and 4，a threshold 
value of -0.78 is firstly found between (-4, 4)，another value of 1.42 is then 
found between (-0.78，4). 
To test whether there are threshold effects, the likelihood ratio test applied 
in Chong and Yan (2004), Chen and Chong (2005) is employed here. To obtain 
the critical values of the threshold variables, bootstrap method is used. The test 
results are as follows: 
Table 2: The Threshold Test Result 
Threshold -0.78 1.42 
Statistics Value 13.07 25.48 
Bootstrap Critical Value 9.62 11.02 
Both threshold values are significant from the test results^^ Our estimation 
results are: 
' - 0 . 0 0 0 6 - 0 . 0 4 7 7 ? , i f < - 0 . 7 8 � 
= j 0.0007 + 0 . 0 4 8 7 ^ , - 1 i f - 0 . 7 8 < < 1.42 > 
0.0015 + 0. - 0.2 + if \A2<SMS, 
28 The observed test values of both threshold are larger than their bootstrap critical values at the 
5% level. 
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Based on the estimation results, the stock market is classified into three 
regimes: the "optimistic market" when SMS^  is larger than 1.42; the "neutral 
market" when SMS, is between -0.78 and 1.42; and the "pessimistic market" 
when SMSt is smaller than -0.78. The optimistic market is likely to have a 
positive momentum in the near future while the situation is opposite for the 
pessimistic market. The neutral market is neutral to downward or upward 
movement. 
To justify the classification, the SMS and Hang Seng Index are compared. 
In Figure 8，the SMS can usually be found on a peak point when the Hang Seng 
Index is at a trough, followed by a significant increase afterwards and vice versa. 
* * * * * * * * * * * * * * FIGURE 8 HERE * * * * * * * * * * * * * * * 
4.2 Trading Strategy 
In this part, a trading strategy is designed according to the regimes of the 
market. We assume that investors buy stocks in optimistic market, sell stocks in 
pessimistic market and hold cash in the neutral market to earn HIBOR returns. 
Buy if SMS, >1.42， 
Hold if SMS, £[-0.78,1.42], 
3 0 
Sell if SMS, <-0.78. 
To see whether the strategy can produce significant results, the trading-rule 
returns are calculated. We find that an average return of 0.00091 is expected in 
the optimistic market and -0.00050 in pessimistic market, which conforms to our 
classification of the market. In a neutral market, an average HIBOR return of 
2.95% per year is earned. The average daily return obtained in stock market is 
0.00064. For example, if one holds a contract of the Hang Seng Index futures, if 
the current HSI is 15,000, about 9.6 points can be earned each day, and since the 
payoff for each point in a ftitures contract is 50 HK dollar, 480 HK dollar can be 




The classification of the stock market states is an important issue. To fully 
reflect the information of the market, a composite index is constructed. The index 
is a linear combination of six factors^^ whose weights are obtained via the 
principal factor analysis. The new composite index is employed to describe the 
stock market sentiment (SMS), which reflects the investor sentiment. Our 
empirical results are appealing as each individual factor is found to have the 
expected sign: the turnover, the values of technical indicators and the 
performances of other equity markets are positively related with the SMS, while 
the short selling volume and the HIBOR have negative relationship with the 
SMS. 
We then apply this new composite index to the Hong Kong stock market. A 
threshold model is estimated to identify the unobserved states of the Hong Kong 
stock market using the pressure index as the threshold variable. The results show 
that there are two thresholds in the Hang Seng Index from 1998 to 2006, which 
divide the market into three regimes. The optimistic market is also shown to have 
a significantly higher return than the pessimistic market. Based on the 
observation, a trading strategy is designed and a positive return is earned. 
29 Short sell volume, HIBOR, technical indicators, turnover volume and the cross effect from US 
and Japanese equity market. 
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An extension of this thesis would be to include more information into the 
construction of the stock market sentiment index, such as the premium of the 
closed-end fund or the future market premium. Based on the theoretical result 
from Bai and Ng (2006)，the estimation of the common factor will be consistent 
if the number of proxies is large. However, it is beyond the scope of this paper 
and is left for further research. 
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Appendix: Principal Component 
i\)X = , ^ is the co vaiiance matrix of X 
To find ofj such that maximize yai(a[X) over all linear combinations of X 
subject to “ ; = 1 <=> maximize d^a^ subject to d^ a^  =1. 
Using the lagrangian method 
-灿 ; - 1 )； 
<3, satisfies 2 
=> ajZa, = ’ i.e. Za, ； 
s o | Z - V 1=0; 
\ is the largest eigen value of Z ； 
a, is the eigen vector corresponding to \ ； 
and the first principal component Z, = a^X ； 
(2) Find a^ that maximize subject to a^a^ =1 and 
a,=0 (i.e. a[X, a^X areuncorrelated) 
Using the lagrangian method 
L = d ^ U j - (<32^2 一 1) 一 
=> 21^2 - 2 如2 - 2vla, = 0 
=> fljZflj = 0 
('. 'flj^fl, = cij^ ^a^ = 0 ) 
v = 0; 
is the eigenvector corresponding to which is the second largest value 
3 4 
var(UjX )= . 
(3) By analogy, we can obtain the ^-th Z j = a^X 
Uj is orthogonal to . 
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Daily Hang Seng Index from 1998-2006 
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Daily turnover from 1998-2006 
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short sell volume to turnover ratio 
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Daily H旧OR from 1998-2006 
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Japan Nikkei 225 return series 
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Figure 8 Comparison of SMS and Hang Seng Index 
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TABLE 1 
Mean Median SD 
Rav 1.1180 1.0060 0.36780 
RSI 52.510 52.390 18.26394 
MFI 53.44 54.17 11.1666 
HIBOR 0.02974 0.03062 0.02051 
SR 0.03704 0.03305 0.02065 
SP 9.174e-05 O.OOOe+00 0.01157247 
JAP 0.00016 0.00000 0.014043 
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